Yttrium including yttrium 91 is first removed from a sea water sample by precipitation of ferric hydroxide. Then, leave the filtrate aside for two weeks to make strontium 90 in radioactive equilibrium with yttrium 90, which is separated and determined.
Introduction
The measurements of concentration of Sr-90 in various materials in food chain have been made owing to its long half life and large effects on human beings.
As for the concentration of Sr-90 in sea water, many measurements have been made by SUGIHARA (1957, 1960) in the Atlantic, MIYAKE et al (1958 MIYAKE et al ( , 1960 MIYAKE et al ( , 1961 in the Pacific, and HIGANO et al (1960 HIGANO et al ( , 1962 in the Pacific and Indian Ocean. SUGIHARA (1957, 1959) separated strontium as carbonate using tetrasodium ethylenediamine tetra acetate (EDTA) and Versene as masking reagents for magnesium and calcium. The strontium was further purified as nitrate in 78% HNO3, and separated from natural radioactive nuclides by scavenging with ferric hydroxide and barium chromate. MIYAKE et al (1960) separated alkaline earth elements as carbonate from large volume of sea water. They applied oxalate method to the separation of strontium and calcium from large amount of magnesium which was followed by masking of calcium with EDTA to separate the strontium from most of the calcium. HIGANO et al (1959) used a nitric acid method to separate strontium from calcium.
Thus, the conventional analytical methods of Sr-90 consist of chemical separation of strontium from large volume of sea water and radiological determination of its daughter nuclides, yttrium 90, which is in equilibrium with strontium 90.
However, the separation of strontium from large amount of magnesium and calcium in sea water is very difficult and timeconsuming. So, a more simple analytical method has been sought earnestly. BOWEN (1957) tried the direct separation of yttrium 90 from sea water by a solvent extraction method using thenoyl-tri-fluoroacetone as chelating agent, but resulted in incomplete separation from natural radioactive nuclides. VALTEN (1961) applied a solvent extraction method using a 100% T.B.P.-14M HNO3 system to separate yttrium 90 in the rain water and the milk.
The simplified method described in this paper is this 100%-T.B.P.-14M HNO3 solvent extraction procedure which is applied to sea water.
However, the separation of yttrium from thorium which can not be neglected radiologically in sea water is difficult by only this extraction procedure, then the procedure of the precipitation of zirconium iodate was added to scavenge this element Since the sea water samples to be analyzed contain yttrium 91 (58.3 days) and yttrium 90, and the radioactiveequilibrium between strontium 90 and yttrium 90 may not be maintained in sea water, the determination of strontium 90 is to be attained after two weeks of setting the sea water sample aside from which yttrium has been removed with ferric hydroxide.
Six hours were required for the chemical analysis. This is very short compared with 3 or 5 days required for the conventional chemical analyses. This simplified method was superior to the conventional methods in time and expense required for the analysis.
2. Experimental 1) Sample Twenty liters of sea water was used. Sea water was acidified by adding concentrated hydrochloric acid at the rate of 1 ml. per 1 liter of sea water immediately after the sea water was collected.
2) Procedure ( Fig. 1) As a scavenger, 100 mg of Fe3+ (when zirconium 95 and cerium 144 are also to be analyzed, 10 mg of Zr4+ and 10 mg of Ce3+) Fig. 1 washed by 2% ammonium oxalate aqueous solution and by cold water.The precipitate was dissolved in 30ml of 14M HNO3 and the solution was transferred to a separatory funnel. Five ml of 100% T.B.P.pre-equilibrated with 14M HNO3 was added,and the separatory funnel was shaken for 2 minutes.The organic phase was separated from aqueous phase,and collected in another clean separatory funnel. This extraction procedure was repeated two more times.
Collected (WENDLANDT,1958) ,and counted by a 4-pi low back ground gas flow counter.Counting rate was corrected for selfabsorption.
3.Results and discussions
An example of the results was shown in well with that of yttrium 90,therefore,the radiochemical separation of yttruim 90 is complete.
1)Discussion of the procedure Scavenging of Y-91.Since the quantity of yttrium 91 contained in fall-out can not be neglected compared with that of yttrium 90 for about two years after the last nuclear explosion experiments,the samples collected and analyzed in this period contain yttrium 91.However, we can not chemically,separate yttrium 90 from yttrium 91 therefore, yttrium 91 must have been removed by preliminary scavenging procedure.
The decay curve when the preliminary scavenging by ferric hydroxide was not carried out(first milking)was shown in Fig.3 .There still remains contamination of long half life nuclides. To determine the long half life components in the results of the first milking,the decay curve of the first milking over long period was shown in Fig.4 .The initial steep decay was due to yttrium 90 and the gradient of the decay of the long half life component agreed considerably well with that of yttrium 91(58.3 days). Fig.5 shows the results of analysis of the sample with relatively high radioactivity collected near Japan.
From the above results,it can be concluded that the contamination of the long half life There are residual obstructive nuclides in the sample which are the daughter nuclides whose parent nuclides have not been removed by preliminary ferric hydroxide scavenging, for example, thorium 234 and protactinium 234, the daughter nuclides of uranium 238, lead 212, 214, bismuth 210, 212, 214 and thallium 208, the daughter nuclides of radium 224, 226. In the solvent extraction step using a 100% T. B. P.-14 M HNO3 system, its distribution ratios of various elements are shown in Fig.  6 . At this extraction step, yttrium was separated from these natural radionuclides except for thorium 234.
The decay curve of the sample when the zirconium iodate scavenging was not carried out was shown in Fig. 7 .
There still remains a small quantity of long half life nuclides.
These may be due to 2) The radiochemical purification of Y-90 when the sample does not contain Y-91 Since the half life of yttrium 91 is 58.3 days, the effect of yttrium 91 to yttrium 90 may be neglected about two years after the last nuclear explosion.
Therefore, for the samples collected about 2 years after the last naclear explosion, it is not necessary to carry out the preliminary scavenging of yttrium 91 by ferric hydroxide. Nevertheless, it is necessary to separate yttrium by the chemical procedure other than ferric hydroxide precipitation from obstructive nuclides to be removed by the preliminary scavenging.
Yttrium was separeted as oxalates from uranyl, zirconium, niobium and ferric ions used as a collector. Though it has been reported that zirconium 95 and niobium 95 were very high in concentration in the fall-out, there have been few examples of measurements of zirconium 95-niobium 95 in sea water, because they are unstable in sea water.
On the contrary, the nuclides that exist most abundantly in sea water and interfere the radiochemical separation of yttrium 90 are thorium 234 (UX-1)-protactinium 234 (UX-2) and cerium-144 praseodymium 144.
At the extraction step, yttrium was separated from natural radionuclides such as 214, 212, and rare earth nuclides in fission products such as Ce-144 and La-140. Thorium and trace amount of cerium that were extracted together with yttrium at the extraction step, were separated from yttrium by coprecipitation with zirconium iodate after cerium was oxidized to tetravalent.
As one of interferring nuclides other than these elements, promethium-147 are to be considered. The separation of yttrium from promethium at the extraction step is incomplete and about 10% of promethium accompanies yttrium. (VALTEN, 1961) Though no separation procedure of yttrium from pomethium was done after the extraction step, the energy of beta ray from promethium is so weak compared with that of yttrium 90 that the interference of promethium 147 could be eliminated by selecting counting conditions.
3) The quantitative determination of Y-90 by interpolated method When the decay curve of sample gives us the summed up beta counting rate of yttium 90 and components with long half life, it is possible to determine the quantity of yttrium 90 by graphical analysis. The results of the sub- In the conventional methods, alkaline earth elements were separated as carbonate from large volume of sea water.
The precipitate of carbonates is very voluminous owing to existance of large amount of calcium. The sepa.-ration of strontium from its fifty-fold amount of calcium is very difficult, then the procedure of separation must be repeated two or three times.
On the contrary, in the simplified method, yttrium is separated as hydroxide from large volume of sea water almost quantitatively and it takes three or four hours to concentrate yttrium to about 100ml from 20 liter of sea water. At the solvent extraction step, yttrium was separated almost quantitatively from at.: most all obstructive nuclides except for thorium in only 30 minutes.
The chemical yield was 90.7% (mean). This is superior to that of conventional method (about 80%).
The results of the simplified method, interpolated method, and conventional method using fuming nitric acid (HIGANO et al, 1962) were shown in Table 2 . The results agreed very well with each other and the results of four sea water samples of the same position (Y-6) show good reproducibilities.
